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157] ABSTRACT

A tone control circuit is provided having several paral-
lel channels each of which comprises an electronic
potentiometer. In each of the channels is disposed a
filtering element. Thus, for an output terminal common
to the different channels, each of the channels com-
prises a filter comprising a series element corresponding
to the series element of this channel and a paraliel ele-
ment corresponding to the series elements placed in
parallel of the other channels. The present invention

simplifies the construction of tone control circuits in the
form of integrated circuits.

6 Claims, 13 Drawing Figures
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TONE CONTROL CIRCUIT

BACKGROUND OF TI-IE INVENTION
1 Fleld of the Invention:

The present invention relates to a tone control circuit-

and more particularly a circuit adapted for adjusting the
tone of a sound frequency signal, more especially a
musical signal, in a sound signal diffuser such as a radio

receiver, a television set, a recorded disk apparatus or a -

magnetic recording diffasion apparatus.
2. Description of the Prior Art:

In these different apparatus, it is currently provided

for the user to be able to select the volume in different

ranges of the frequency band so as to favor for example

the bass (low frequency) or treble (high frequency).
This adjustment is designed so as to adapt the sound
diffusion to the particular musical tastes of the user
and/or to correct the defects existing in the recorded or
transmitted sound information.

Among the numerous circuit structures for obtaining
this result, we frequently find at present circuit struc-
tures of the type shown in FIG. 1, in which a sound
signal arriving at an input 1 is fed into three filters 2, 3
and 4, respectively a high-pass filter, a band-pass filter
and a low-pass filter. These filters are dlSposed in paral-
lel and their action on the incident signal is greater or
smaller depending on the adjustment of the electronic
potentiometers S, 6 and 7 in series with each of these
filters. The output signals of the electronic potentiome-
ters are fed through a mixer circuit 8 to other circuits 9
required for shaping and suitably amplifying the electric
- signals for their transformation into sound form by
means of a transducer such as a loud-speaker

2

envisage providing four addltlenal access termma]s for

~ the integrated circuit.

FIGS. 3A, 3B and 3C show by way of example par-

‘ticularly simple passive filters able to serve respectively

as high-pass, band-pass and low-pass filters. The high-

- pass filter of FIG. 3A comprises a series element formed
- of a capacitor 31 and a parallel element formed by a
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resistor 32. The band-pass filter of FIG. 3B comprises a

" series element formed by a capacitor 33 and a resistor 34

in series and a parallel element formed by a resistor 35
and a capacitor 36 in parallel. The low-pass filter of
FIG. 3C comprises a series element formed by a resistor
37 and a parallel element formed by a capacitor 38.
Thus, the simplest filter assembly corresponding to the
three filters 2, 3 and 4 of FIG. 2 comprises eight discrete -
components, i.e. four capacitors and four resistors. Such
a number of discrete components would take up consid-
erable space, in practice more than the integrated cir-
cuit comprising the different amplifiers 5, 6 and 7.

SUMMARY OF THE INVENTION

Thus, one object of the present invention is to pro-
vide a tone filtering circuit of the above-described type

.~ which minimizes the number of access terminals re-
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Nowadays, the aim is to insert the greater number of 35
electric components of a given aSsembly on the same

wafer in the form of an integrated circuit. That is gener-
ally not possible for filter elements which compnse
capacitors and resistors of a well-defined value. Thus, in

a circuit such as that in FIG. 1, the filters 2, 3 and 4 40

would be disposed outside the integrated circuit con-
taining the elements surrounded by the broken line 10
and three terminals 11, 12 and 13 would have to be
provided for access to the inputs of the electronic po-
tentiometers and an output terminal 14.

As is well known, it would be advantageous in order
to obtain a reduction in noise to dispose the different
filters of each of the channels after the electronic poten-
tiometer of the eorreSpondmg channel and not in front,
so as to eliminate the noise produced by this electronic
potentiometer in the band rejected by -the filter. This
arrangement is currently applied in circuits constructed
from discrete elements but not in circuits constructed in
integrated circuit form. In fact, as is shown in FIG. 2, in
which the same elements are des:gnated by the same
references as in FIG.1, instead of four terminals 11, 12,

13 and 14 for access to the integrated- circuit 10, it

would be necessary to provide eight access terminals,
namely an input terminal 20, three output terminals 21,

22 and 23 for each of the electronic potentiometers,

three input terminals 24, 25 and 26 feeding into a mixer
or adder 8 and an output terminal 14 for this adder.

New, 1t happens that one of the most lmportant cost

items in an mtegrated circuit resides in the number of its
access ‘terminals, i.e. in the number of its connection
pins. It is also one of the most important sources of
defects in integrated circuits. To obtain an improvement

in the signal/noise ratio it is then out of the question to
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‘potentiometers will not be described in detail since the

quired for the integrated c1rcu1t comprising the elec-
tronic potentiometers.

Another object of the present invention is to provide
such a tone control circuit in which the number of
discrete elements of each of the filters is reduced in
relation to the conventional devices.

To attain these objects as well as others, the present
mventlon prowdes a tone comtrol circuit comprising,
between an input terminal and an output terminal con-
nected to a high input impedance circuit, several paral-
lel channels each of which comprises an electronic
potentiometer and further comprising passive filters
each of which comprises a series element and a parallel
element. Each of the series elements is disposed be-
tween the output of each electronic potentiometer and
said output terminal, which-means that each filter is
formed from the series element of a given channel and
from a parallel element formed by the parallel associa-
tion of the series elements of the other channels. Prefer-
ably, except for the filtering elements, this circuit is
constructed in the form of an mtegrated circuit. In the
case where the circuit only comprises two- filtering
channels, one for low-pass filtering and the other for
high-pess filtering, the series element of the first channel
may be a resistor and the series element of the second
channel a capacitor, If the circuit comprises a third .

channel for pass-band filtering, the series element of this

third channel may be formed by a resistor and capacitor
disposed in series. Furthermore, in order to improve the
filtering characteristics, an intermediate capacitor may
be connected between the output of the electronic po-
tentiometer of the third channel and an intermediate
point of the resistor of the first channel. More generally,
it is possible to. provide intermediate elements con-
nected between one channel and another so as to 1m-
prove the filtering characterlstles, it being understood

that no ground connection is provided between the

output terminals of the potentiometers and the connec- |

tion point of the series elements.
The methods for adjusting the different electronic

different existing systems may be used. More especially,
the process for independent tone and volume adjust-
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ment such as described in French patent application No.
79/22885 filed by the present applicant on Sept. 13,
1979 may be used.

BRIEF DESCRIPTION OF THE DRAWINGS -

These objects, characterlstlcs and advantages as well‘ |
as others of the present invention will be described in
more detail in the following descrlptlon of partlcularl

embodiments with reference to the accompanying

drawings in which:

FIG. 1 shows a tone control crrcult ef the prlor art
which has already been described; -

FIG. 2 shows a possibie variation of the tone circuit

of the prior art, which has also been described above;

10

- FIGS. 3A, 3B and 3C shows possrble embodiments: of *15

filters usable in the tone control circuits of the prior art;
these figures have also been described above;

FIG. 4 shows one embodiment of the tone control

circuit in accordance with the present invention; -
FIGS. 5A, 5B and 5C show filters equivalent to the
filters obtained in the embodiment of FIG. 4;
FIG. 6 shows another filtering element arrangement
with respect to that of FIG. 4; and |
FIGS. 7A, 7B and 7C show the equivalent diagrams
of the filters obtained with the circuit of FIG. 6.
In the different figures, the same references designate
stmilar elements or connection ternnnals

DESCRIPTION OF THE PREFERRED
| EMBODIMENTS |

The circuit of the invention shown in FIG. 4 dlffers
from the circuit shown in FIG. 2 essentlally by the fact
that there are no complete filters comprising grounded
connection terminals, but only filter elements not hav-
ing connection terminals to ground but connection ter-
minals connected between the output of each of the
electronic potentiometers and a common connection

terminal 40 and not to different inputs of a mixer. Thus,

taking the case where the assembly of circuits 9 presents
a high impedance input and where each of the elec-

tronic potentiometers §, 6 and 7 has a low impedance

output, 1t may be considered, in accordance with the
mathematical model called superposition theorem, that
each of the outputs 21, 22 and 23 is connected to termi-
nal 40 through a filter whose series element is formed by
the element connected between this output and terminal
40 and whose parallel.element, fictitiously connected to
ground, 1s formed by the parallel association of the
elements disposed between the output of the other elec-
tronic potentiometers and the common terminal 40.

20
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With this arrangement, as the particular embodiment of 30

FIG. 4 shows, filters may be obtained using an ex-.

tremely reduced number of components. In the case
shown in FIG. 4, the series element of the first channel
is formed by a capacitor 41, the series element of the
second channel by a capacitor 42 in series with a resistor
43 and the series element of the third channel by a resis-
tor 44. Thus, the filters equivalent to the output of the
first, second and third channels are such as shown in
FIGS. 5A, 5B and SC. It will be noted that the total
number of access terminals to the integrated circuit 10 is

four, as in the case of FIG. 1, and not eight as in the case.

of FIG. 2.
Another advantage of the circuit of FIG. 4 with

respect to the prior art circuits resides in the fact that, if

the three electronic potentiometers 5, 6 and 7 are ad-
justed to the same gain, there is obtained at terminal 40
a signal proportional to the signal at the input terminal
20 without any filtering effect since there exists no
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- another channel.

4

ground connection between terminals 21, 22 and 23, on
the one hand, and terminal 40 on the other. This level
tonality is practically unobtainable with three filter
assemblies such as filters 2, 3, 4 in FIGS. 1 and 2,
whether these filters are disposed before or after the
electronic potentiometers. It will be further noted that,
to avoid this difficulty, in the prior art an additional
channel was provided comprising no filtering element,
which complicates these prior art circuits more than hasx
been shown ‘and discussed above. |
FIG. 6 shows how, by adding ‘a smgle addltlonal
component, in this case a capacitor 47 between terminal
22 and an intermediate point of resistor 44 shown as two

series resistors 45-and 46, another type of filter may be

- obtained having a much more complex filtering func-

tion as the equivalent diagrams of FIGS. 7A, 7B and 7C |
show.
" Generally, the process of the invention remains valid
if other filtering elements are appmprlately added as
long as no intermediate ground connection is provided..
between each of terminals 21, 22 and 23 and terminal 490.
- There has been described above by way of example
the case where three filtering channels were provided.
Of course, in practlce tone control circuits may be

provided comprising only two control channels Or on

the contrary a greater number of channels.. |

The present invention is not limited to the embodl-
ments which have been explicitly. described; it covers
the variations and generahzatlons included within the
followrng claims.

- What 1s claimed is:, | |

1. A tone control ClI'Cl.llt for connectlng an input
terminal with a high impedance input circuit, said tone
control circuit including at least two parallel channels
with each of said channels including an electronic po-
tentiometer having a low impedance output wherein
each of said at least two parallel channels further com-
prlses a passwe filter with each passive filter compris-
ing a series element and a parallel element wherein said

series element is connected between the output of each

electron potentiometer and said hlgh impedance circuit
in such a manner that said parallel element of each of
sald filter is formed by the parallel association of the -
series elements of the other of said passive filters of said
at least two parallel channels.

2. The circuit as claimed in claim 1, which, except for
the filtering elements, is constructed in the form of an
integrated circuit.

3. The circuit as claimed in clalm 1, comprising two
channels, one for low-pass filtering, the other for high-
pass filtering, wherein, in the first channel the series
clement is a resistor and in the second channel the series
element is a capacitor.”

4. The circuit as claimed in claim 3, and further com-
prlsmg a third channel for band-pass ﬁlterlng, wherein,
in said thid channel, the series element compnses a
series association of a resistor and a capacitor.

5. The circuit as claimed 1n claim 4, further compris-
ing a capacitor disposed between the output of the elec-

“tronic potentiometer of the second channel and an mter-
‘mediate point of the resistor of the first channel. ‘

6. The circuit as claimed in claim 1, compnsmg at
least one lntermedlate element between a connection
point disposed in the series path at the output of the
electronic potentiometer of one channel and the series
path at the output of the electronic potentlometer of
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